Several yeast strains belonging to genus Candida were found to selectively hydrogenate L-sorbose with enantiomeric specificity, yielding optically pure Liditol in the culture broth. The most active strain, isolated from a commercial lemon, was identified as Candida intermedia, which produced 50 g of L-iditol per liter from 150 g of L-sorbose per liter during a 5-day fermentation period (35% yield).
During characterization of microbes which survived in high-sugar media (H. B. Maruyama, T. Sawada, M. Ogawa, S. Itoh, T. Sugisawa, Y. Kotoh, and Y. Suhara, submitted for publication), a yeast strain, NRS-32F15Y, was found to convert L-sorbose to L-iditol with a high yield. LIditol, a sweet polyol, has not been thoroughly evaluated for its practical availability because of a lack of practical preparation methods. Reportedly, L-iditol is contained in the juice of mountain ash berries (1) (2) (3) and can be chemically prepared from L-sorbose (4) . However, L-iditol obtained from either of these sources is contaminated with epimeric D-glucitol. Since the present process may allow pure L-iditol to be obtained by simple fermentation, we have studied further the NRS-32F15Y yeast strain, which has been identified as Candida intermedia. Furthermore, we have found that several related strains are also capable of the reaction.
In the present paper, we report on the process of L-iditol fermentation by C. intermedia NRS-32F15Y and other related yeasts (Fig. 1 ).
MATERIALS AND METHODS

Strains. C. intermedia NRS-32F15Y was isolated
from a lemon peel (rotten), purchased in a market in July 1977, by using an enrichment culture with corn syrup F-80 (Maruyama et al., submitted for publication). Other strains used were from our stock culture.
Media. The following three media were used: 2% yeast extract-1% peptone-0.03% KH2PO4-0.03% CuC12-2H20 (Cu-2 medium); 1% yeast extract-1% peptone-0.03% KH2PO4-0.1% FeCl2 * nH2O (medium no. 4); and 2% yeast extract-1% peptone (YP medium).
Assay method. To a sample (50 ,uI) of the broth filtrate was added 100 .1 of a 1.5% aqueous solution of D-xylitol as an internal standard, and the mixture was evaporated to dryness under reduced pressure. The residue was then dissolved in 1.0 ml of pyridine containing 2% O-methylhydroxylamine hydrochloride as an oximation agent. After being heated at 60°C for 3 h, the solution was treated with 0.5 ml of N-trimethylsilylimidazole (TMS) (Gasukuro Kogyo Co.), and the mixture was allowed to stand at room temperature for 5 min. The resulting silylated mixture (2 RI) was then directly injected into a gas chromatograph for the quantitation of L-sorbose and a combined amount of Liditol and D-glucitol (Fig. 2a, peak 3 ). Gas chromatography was performed with a 2-m 5% SE-52/Chromosorb WAW (DMCS) column and flame ionization detector. The temperatures were as follows: column, 210°C; detector, 230°C. The carrier gas was He at 60 ml/min.
For the fractional determination of L-iditol and Dglucitol, the silylated mixture (1 ml) described above was treated with water (1 ml) and dichloromethane (0.5 ml). After shaking and centrifugation, a part (1 ,ul) of the organic phase was analyzed by gas chromatography, using a G-Scot OV-17 glass capillary column (0.28 mm by 20 m) and flame ionization detector. The temperatures were as follows: column, 165°C; detector, 210°C. The carrier gas was He (0.8 kg/cm2) at a flow rate of 1.5 ml/min.
As shown in the chromatogram (Fig. 2b) , TMS derivatives of L-iditol (peak 3) and D-glucitol (peak 4) showed well-resolved peaks without overlapping, with peaks 1 and 2 being derived from L-sorbose and possibly corresponding to syn-and antioximes. The concentration ratio of L-iditol to D-glucitol obtained here can be used for the concentration of each hexitol by multiplying by the value for combined L-iditol and D-glUCitol.
Direct quantitation of L-iditol and D-glucitol was difficult because of significant differences in the degradation rates between the TMS derivative of the internal standard (xylitol) and those of the hexitols in dichloromethane extraction.
Conditions for flask fermentation with L-sorbose. Preculture was made on yeast-maltose-sorbose agar containing 0.4% yeast extract, 1.0% maltose, 1.0% Lsorbose, and 1.5% agar. One loopful of each yeast in a 500-ml Erlenmeyer flask with a baffle and cultured at 27°C for 7 days by shaking at 180 rpm. The amounts of L-iditol produced and L-sorbose remaining were assayed by gas chromatography. Conditions for fermentation were, unless otherwise specifically stated, as follows. A 100-ml volume of medium was placed in a 500-ml baffled Erlenmeyer flask and shaken at 180 to 220 rpm at 27°C with a 1-loopful inoculum of the yeast strain.
Typical L-Iditol production and isolation procedures. One loopful each of the strain NRS-32F15Y on a YM agar slant was inoculated into five 500-ml Erlenmeyer flasks containing 100 ml each of medium no. 4 and Lsorbose (10%) and then cultured for 3 days at 27°C. The fermented broth containing 27 g (27% yield) of Liditol per liter as determined by gas chromatography was filtered, and the filtrate (470 ml) was diluted with water (480 ml). The solution was then passed successively through columns of Dowex-1 (OH form, 200 ml) and Amberlite IR-120 B (H form, 200 ml). The filtrate and water wash (3 liters) were combined and evaporated under reduced pressure to give 12.6 g of crude Liditol as a pale yellow syrup. Several attempts to directly crystallize the syrup were unsuccessful. Treatment of the syrup with acetic anhydride (100 ml) and pyridine (100 ml) at room temperature overnight, followed by dichloromethane extraction, evaporation, and crystallization from ethanol, afforded 20.8 g (17.3% yield) of hexacetyl-L-iditol as colorless crystals: melting point, 121 to 122°C (reported as 121 to do not assimilate rhamnose. Therefore, these three species were easily excluded. On the other hand, the description of C. intermedia was in good agreement with that of strain NRS-32F15Y, although C. intermedia does not utilize glycerol or ribitol, whereas the present strain did. These minor differences, however, were not enough to propose a new taxon. Therefore, the strain was identified as C. intermedia (Ciferri and Ashford) Langeron and Guerra. L-Iditol production by various yeast species. The production of L-iditol was examined in the flask level of fermentation at 20% of substrate concentration with C. intermedia NRS-32F15Y and other 12 related yeasts from our stock culture. The results (Table 2) show a high productivity for three strains: C. intermedia NRS-32F15Y, C. intermedia Ro170Y, and C. pulcherrima Ro166Y, with a yield of 25 to 27% of Liditol within 7 days fermentation. A lower but still significant productivity was also observed for C. zeylanoides IFO 0719, C. tropicalis ATCC 13803, and Saccharomyces acidifaciens Ro455Y. The latter was the only Saccharomyces strain capable of the reaction among 10 Saccharomyces strains tested.
Among the reactive strains, C. intermedia NRS-32F15Y was chosen for detailed investigation because it produced less D-glucitol (sorbitol) and other by-products.
Effect of medium composition, pH, temperature, and method of inoculation on the yield of Liditol. Among various N sources tested, the superiority of the yeast extract-peptone combination to others was suggested, whereas the presence of any common C sources hardly affected the accumulation of L-iditol. The presence of both yeast extract and peptone was necessary. The addition of CuCl2 and KH2PO4 did not significantly increase yield, but contributed in minimizing tube-to-tube deviation and by-product formation. Thus, the best medium composition was Cu-2.
The effect of the initial pH on production was examined by using Cu-2 medium at a substrate concentration of 10% L-sorbose. There was no distinct difference among initial pH values of 4.5 to 6.5. Thus, a constant yield of 32 to 36% was obtained after 2 days of culture.
In Cu-2 medium, gas-liquid chromatography showed L-iditol yields of 40, 37, and 35% at fermentation temperatures of 27, 30, and 35°C, respectively, with no L-sorbose remaining in the culture broth. Culture at temperatures lower than 20°C gave poor growth. Therefore, the optimal temperature for this process seems to be around 25 to 27°C.
The method -of inoculation and preservation did not significantly affect the yield, provided that enough living cells were secured.
Effect of substrate concentration on L-iditol production and the time course of reaction. One loopful of the strain NRS-32F15Y was inoculated into 100 ml of medium containing YP medium and either 10, 15, 20, 25, 30, or 40% of the substrate (L-sorbose) and cultured with shaking at 27°C for maximum of 9 days. A sample was taken and assayed by gas-liquid chromatography. The maximal yield of L-iditol was obtained at days 2, 3, and 5 at substrate concentrations of 10, 15, and 20%, respectively (Fig. 4) . When the substrate concentration was higher than 15%, Dglucitol produced as a by-product was insufficiently consumed and remained in the broth at levels of several percent. Further, at 25 and 30% L-sorbose, the substrate still remained, although more L-iditol (60 g/liter or more) on a weight basis was produced. Thus, from the practical viewpoint, fermentation for 3 to 5 days at 100 to 150 g of L-sorbose per liter seems recommendable for the preparation of pure L-iditol under the given conditions.
Substrate specificity for L-iditol production. Whether the strain produces L-iditol from other sugars and related substances rather than from L-sorbose was examined by a tube culture in YP medium at 27°C for 1 to 5 days at a substrate concentration of 2 to 10%. C. intermedia NRS-32F15Y produced L-iditol only when L-sorbose was used as the substrate (Table 3) . No other ketose or aldose gave any detectable amount of L-iditol.
When 10% D-xylulose was used, D-xylitol and D-arabitol were produced in 20% yields for each, suggesting a similar reductive reaction with low enantiomeric specificity at the C-2 position. The strain seemed not to act on keto acids. Thus, 2-keto-L-gulonic acid was not produced from 2,5-diketo-D-gluconate under the present conditions.
